
J E u r o p a i s c h e s   

Patentamt  

European  Patent  Office  ©  Publication  number:  0  01   3  4 9 5  

Office  europeen  des  brevets  A 1  

©  EUROPEAN  PATENT  APPLICATION 

@  Application  number:  79302946.3  (g)  int.  CI.3:  F  04  B  4 3 / 1 0  

@  Date  of  filing:  18.12.79  
B  06  B  1 / 2 0  

@  Priority:  09.01.79  GB  7900810 

(«)  Date  of  publication  of  application: 
23.07.80  Bulletin  80/15 

(52)  Designated  Contracting  States: 
AT  BE  CH  DE  FR  IT  LU  NL  SE 

@  Applicant:  MANTEC  INDUSTRIES  LIMITED 
Rue  de  la  Dame 
Five  Oaks,  St.  Saviour  Jersey,  Channel  IsiandsIGS) 

(55)  Inventor:  Scragg,  Frederick 
Loge  du  Tisserand 
Trinity,  Jersey  Channel  Islands(GB) 

@  Inventor:  Scragg,  Michael  Leonard 
Loge  du  Tisserand 
Trinity,  Jersey  Channel  Islandc(GB) 

(72)  Inventor:  Marshman,  Peter 
Meddlars,  Pont  Marquet 
St.  Brelade,  Jersey  Channel  Islands(GB) 

@  Representative:  Allen,  William  Guy  Fairfax  et  «l, 
J.A.  KEMP  &  CO.  14  South  Square  Gray's  kin 
London  WC1R  5ELMGB) 

(5)  Positive  displacement  device. 

The  device  may be  used  as  a  pump,  a  motor  or  a  vibrator 
for  concrete.  It  includes  a  body  (10)  having  at  least three,  and 
preferably  four  or  five  wall  portions  (42),  which  are  disposed 
one  after  the  other  along  the  axis  of  the  body  (10),  discrete 
chambers  (43)  being  formed  behind  each  wall  portion  (42), 
which  may,  for  example,  be  a  toroidal  diaphragm,  means 
(24-55)  being  provided  to  feed  an  operating  fluid  under  pres- 
sure  to  the  discrete  chambers  (43)  to  move  the  wall  portions 
(42)  transversely  to  the  axis  of  the  body  (10)  in  a  sequence  to 
cause  displacement  of  an  external  fluid  axially  of  the  body 
(10).  When  used  as  a  motor,  movement  of  the  external  fluid 
axially  of  the  body  will  cause  displacement  of  the  wall  por- 
tions  and  thus  flow  of the  operating  fluid  so  that  power  may  be 
derived  therefrom. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   f l u i d  

d i s p l a c e m e n t   d e v i c e s .  

F l u i d   d i s p l a c e m e n t   d e v i c e s   c o m p r i s i n g   p i s t o n  

and  c y l i n d e r   pumps   and  m o t o r s   a r e   w e l l   k n o w n .   A n o t h e r  

f o r m   of   f l u i d   d i s p l a c e m e n t   d e v i c e ,   w h i c h   can   be  s e l f -  

p r i m i n g ,   i s   one  e m p l o y i n g   t h e   M o i n e a u   p r i n c i p l e ,   t h a t  

i s   h a v i n g   a  s t a t o r   w i t h   an  i n t e r n a l   h e l i c a l   g e a r   f o r m  

and   a  r o t o r   r o t a t a b l e   w i t h i n   t h e   s t a t o r   and  i t s e l f  

h a v i n g   a  h e l i c a l   g e a r   f o r m   h a v i n g   one  more   or   one  l e s s  

s t a r t   t h a n   t h e   s t a t o r .   Such  d e v i c e s   a r e   s a t i s f a c t o r y ,  

b u t   t h e y   a r e   l i m i t e d   in   t h e   p r e s s u r e   h e a d   w h i c h   t h e y  

can   s t a n d   b e c a u s e   t h e   s t a t o r   i s   u s u a l l y   made  of  a  

r e s i l i e n t   m a t e r i a l   w h i c h   w i l l   r e t r a c t   i f   t h e   p r e s s u r e  
h e a d   p u m p e d   or   a p p l i e d   by  t h e   d e v i c e   i s   a b o v e   a  

c e r t a i n   v a l u e .   F u r t h e r m o r e ,   b e c a u s e   a t   low  h e a d   c o n d i t i o n s  

t h e r e   s h o u l d   be  an  i n t e r f e r e n c e   f i t   b e t w e e n   t h e   r o t o r  

and  t h e   s t a t o r ,   t h e   s t a r t i n g   t o r q u e   on  t h e   d r i v e   m o t o r  

i s   v e r y   s u b s t a n t i a l .  

O t h e r   f o r m s   of   f l u i d   d i s p l a c e m e n t   d e v i c e   h a v e  

b e e n   p r o p o s e d   in   t h e   f o r m   of   p e r i s t a l t i c   p u m p s .   T h e s e  

i n c l u d e   a  f l e x i b l e   t u b e   or   body   h a v i n g   an  a x i s ,  

a d j a c e n t   p o r t i o n s   of  t h e   w a l l   of  t h e   t u b e   b e i n g  

s e q u e n t i a l l y   m o v a b l e   t r a n s v e r s e l y   of   t h e   a x i s   to  e f f e c t  

d i s p l a c e m e n t   o f   t h e   f l u i d .   T h i s   i s   u s u a l l y   e f f e c t e d  

by  r o l l e r s   w h i c h   s q u e e z e   t h e   t u b e   s e q u e n t i a l l y   and  p u s h  

t h e   f l u i d   f o r w a r d l y .   Such  d e v i c e s   a r e   s a t i s f a c t o r y  

f o r   low  p r e s s u r e   h e a d s   and  f o r   r e l a t i v e l y   low  f l u i d  

f l o w s   and  a r e   u s e d   e x t e n s i v e l y   in   t h e   m e d i c a l   f i e l d .  

H o w e v e r ,   t h e y   a r e   n o t   s u i t a b l e   f o r   a c t i n g   a t   h i g h  

p r e s s u r e s   or   h i g h   f l o w   r a t e s   and  a r e   g e n e r a l l y   r a t h e r  

i n e f f i c i e n t .  



I t   i s   now  p r o p o s e d ,   a c c o r d i n g   to   t h e   p r e s e n t  

i n v e n t i o n ,   to  p r o v i d e   a  pump  w h i c h   h a s   some  s i m i l a r i t y  

to  a  p e r i s t a l t i c   pump,   b u t   d i f f e r s   f r o m   s u c h   a  pump  i n  

t h a t   i t   h a s   a t   l e a s t   t h r e e   w a l l   p o r t i o n s   d i s p o s e d   o n e  

a f t e r   t h e   o t h e r   a l o n g   t h e   a x i s ,   i n   t h a t   d i s c r e t e   c h a m b e r s  

a r e   f o r m e d   b e h i n d   e a c h   w a l l   p o r t i o n   and  in   t h a t   m e a n s  

a r e   p r o v i d e d   to   f e e d   an  o p e r a t i n g   f l u i d   u n d e r   p r e s s u r e  

t o ,   or   t o   r e c e i v e   o p e r a t i n g   f l u i d   u n d e r   p r e s s u r e   f r o m ,  

s a i d   d i s c r e t e   c h a m b e r s   t o   move  s a i d  w a l l   p o r t i o n s  

t r a n s v e r s e l y   to   t h e   a x i s   of   t h e   b o d y   i n   a  s e q u e n c e   t o  

c a u s e   d i s p l a c e m e n t   of   an  e x t e r n a l   f l u i d   a x i a l l y   of   t h e  

b o d y ,   or   to  e n a b l e   p o w e r   to   be  d e r i v e d   f r o m   t h e  

o p e r a t i n g   f l u i d   as  a  r e s u l t   o f   an  e x t e r n a l   f l u i d   m o v i n g  

a x i a l l y   of   t h e   b o d y   in   c o n t a c t   w i t h   s a i d   w a l l   p o r t i o n s .  

The  t e r m   " o p e r a t i n g   f l u i d "   i s   u s e d   i n   t h i s  

S p e c i f i c a t i o n   to  mean  t h e   f l u i d   w h i c h   i s   u s e d   to   o p e r a t e  

t h e   w a l l   p o r t i o n s ,   when  t h e   d e v i c e   i s   u s e d   as  a  p u m p  
and  t h e   t e r m   " e x t e r n a l   f l u i d "   i s   t h e   f l u i d   w h i c h   i s  

p u m p e d  b y   t h e   d e v i c e .   When  t h e   d e v i c e   i s   u s e d   as  a  

m o t o r   t h e   " e x t e r n a l   f l u i d "   i s   t h a t   d e r i v e d   f r o m   a n  

e x t e r n a l   s o u r c e ,   w h i l e   t h e   o p e r a t i n g   f l u i d   i s   a g a i n  

t h e   f l u i d   b e h i n d   t h e   w a l l   p o r t i o n s .  

Such   a  c o n s t r u c t i o n   c a n   be  made  r e l a t i v e l y  

s i m p l y   and  i n e x p e n s i v e l y   and   n e e d   n o t   h a v e   any   r o t a t i n g  

p a r t s   a t   a l l .   I t   w i l l   be  c a p a b l e   of   p u m p i n g   a  v e r y  
s u b s t a n t i a l   h e a d   l i m i t e d   s o l e l y   by  t h e   p r e s s u r e   w h i c h   c a n  
be  a p p l i e d   b e h i n d   e a c h   w a l l   p o r t i o n   and  by  t h e   s t r e n g t h  

of   t h e   w a l l   p o r t i o n   i t s e l f .  

F u r t h e r m o r e ,   t h e   c o n s t r u c t i o n   c o u l d   be  u s e d   a s  

a  m o t o r ,   w h i c h   w o u l d   n o t   be  p o s s i b l e   w i t h   a  p e r i s t a l t i c  

pump.   A  f u r t h e r  u s e   of  t h e   d e v i c e   w o u l d   be  as  a  v i b r a t o r  

in   m a t e r i a l   s u c h   as  c o n c r e t e .  

A d v a n t a g e o u s l y ,   t h e   b o d y   h a s   a  p a s s a g e   t h e r e -  

t h r o u g h   w i t h   an  o p e n i n g   a t   e a c h   end ,   t h e   w a l l   p o r t i o n  



b e i n g   m o v a b l e   t r a n s v e r s e l y   of   t h e   a x i s   o f   t h e   p a s s a g e  

to  c l o s e   o f f   t h e   p a s s a g e   a t   t h e   a x i a l   l o c a t i o n   in   t h e  

p a s s a g e   o f   t h e   r e s p e c t i v e   w a l l   p o r t i o n .  

The  s e t - u p   c an   t a k e   a  n u m b e r   of   d i f f e r e n t  

f o r m s   and  i t   i s   c o n t e m p l a t e d   t h a t   t h e   w a l l   c o u l d   t a k e  

t h e   f o r m   of   f o u r   r e c t a n g u l a r   c r o s s - s e c t i o n   p i s t o n s  

a r r a n g e d   a t   r i g h t   a n g l e s   to   one   a n o t h e r   and   d i v i d i n g   t h e  

p a s s a g e   f r o m   t h e   c h a m b e r s   t h e r e b e h i n d ,   t h e   p i s t o n s   w h e n  

t h e y   move  to   an  i n n e r   p o s i t i o n   c l o s i n g   o f f   t h e   p a s s a g e .  

H o w e v e r ,   s u c h   a  c o n s t r u c t i o n   i s   r e l a t i v e l y   c u m b e r s o m e  

and   i t   i s   p r e f e r r e d   to   u s e   f l e x i b l e   d i a p h r a g m s   as  t h e  

w a l l   p o r t i o n s .   T h e s e   d i a p h r a g m s   may  be  a r r a n g e d   to   b e  

m o u n t e d   on  t h e   b o d y   o r   on  an  i n n e r   member   p a s s i n g   t h r o u g h  

a  p a s s a g e   in   t h e   b o d y .  

T h u s ,   t h e   b o d y   may  c o m p r i s e   an  o u t e r   m e m b e r  

h a v i n g   t h e   p a s s a g e   t h e r e t h r o u g h   w i t h   o p e n i n g s   a t   e a c h   e n d ,  

t h e   i n n e r   member   e x t e n d i n g   a x i a l l y   t h r o u g h   s a i d   p a s s a g e ,  

and  a t   l e a s t   t h r e e   w a l l   p o r t i o n s   a r e   m o u n t e d   on  t h e   o u t e r  

m e m b e r - a n d   a r e   e a c h   m o v a b l e   s e p a r a t e l y   of   t h e   o t h e r s  

t r a n s v e r s e l y   of  t h e   a x i s   to   c l o s e   o f f   t h e   p a s s a g e   a t   t h e  

a x i a l   l o c a t i o n   in   t h e   p a s s a g e   of   t h e   r e s p e c t i v e   w a l l  

p o r t i o n .  

In  an  a l t e r n a t i v e   a r r a n g e m e n t ,   t h e   b o d y   c o m p r i s e s  

an  o u t e r   b o d y   member   h a v i n g   a  p a s s a g e   t h e r e t h r o u g h   w i t h  

an  o p e n i n g   a t   e a c h   end   and   an  i n n e r   member   e x t e n d i n g   i n t o  

s a i d   p a s s a g e ,   and  s a i d   a t   l e a s t   t h r e e   w a l l   p o r t i o n s   a r e  

f o r m e d   on  s a i d   i n n e r   member   and  a r e   e a c h . m o v a b l e   s e p a r a t e l y  

of   t h e   o t h e r s   t r a n s v e r s e l y   of  t h e   a x i s   of   t h e   p a s s a g e  

to  c l o s e   o f f   t h e   p a s s a g e   a t   t h e   a x i a l   l o c a t i o n   in   t h e  

p a s s a g e   of   t h e   r e s p e c t i v e   w a l l   p o r t i o n .  

T h i s   i s   t h e   p r e s e n t l y   p r e f e r r e d   a r r a n g e m e n t   a n d  

c a n   be  made  in   a  r e l a t i v e l y   s i m p l e   m a n n e r .   The  o u t e r  

m e m b e r   can   s i m p l y   be  a  p i p e ,   p r e f e r a b l y   of   c i r c u l a r  

c r o s s - s e c t i o n ,   and  t h e   i n n e r   member   can   be  of   c i r c u l a r  

c r o s s - s e c t i o n   c o r e   w i t h   a t   l e a s t   t h r e e ,   and  p r e f e r a b l y  



f o u r   o r   f i v e   t o r o i d a l   d i a p h r a g m s   m o u n t e d   a t   a x i a l l y  

a d j a c e n t   l o c a t i o n s ,   t h e   i n t e r i o r   of   t h e   d i a p h r a g m s  

c o m m u n i c a t i n g   w i t h   a  b o r e   o r   i n t e r i o r   c h a m b e r   i n   t h e  

c o r e ,   w h e r e b y   t h e   o p e r a t i n g . f l u i d   can   be  a p p l i e d   t o ,   o r  

r e m o v e d   f r o m ,   t h e   c h a m b e r s   f o r m e d   w i t h i n   t h e   t o r o i d a l  

d i a p h r a g m s .  

The  d i a p h r a g m s   a r e   a d v a n t a g e o u s l y   c o n s t r u c t e d  

of   a  m a t e r i a l ,   s u c h   as  n e o p r e n e   r u b b e r ,   w h i c h  i s  p r o v i d e d  

w i t h   a  p l u r a l i t y   o f   c i r c u m f e r e n t i a l l y   s p a c e d   f l e x i b l e  

r e i n f o r c i n g   e l e m e n t s   w h i c h   e a c h   e x t e n d   a r o u n d   t h e   t o r u s  

and  l i e   s u b s t a n t i a l l y   w i t h i n   p l a n e s   i n c l u d i n g   t h e   a x i s  

of   t h e   t o r u s .   A l t h o u g h   t h e s e   r e i n f o r c i n g   e l e m e n t s   may  b e  

i n   p l a n e s   i n c l i n e d   s l i g h t l y   t o   t h e   a x i s ,   t h i s   i n c l i n a t i o n  

s h o u l d   n o t   be  t o o   g r e a t .   The  e f f e c t   of   t h e   r e i n f o r c i n g  

e l e m e n t s   i s   t o   a l l o w   f o r   t h e   r a t e   of   e x p a n s i o n   of   t h e  

t o r u s ,   b u t   to   p r e v e n t   any   e l o n g a t i o n   in   t h e   a x i a l  

d i r e c t i o n   o f   t h e   t o r u s .   T h u s   t h e   t o r o i d a l   d i a p h r a g m s   c a n  

w i t h s t a n d   a  v e r y   h i g h   i n t e r n a l   p r e s s u r e .  

O t h e r   r e i n f o r c i n g   e l e m e n t s   may  be  a p p l i e d  

t r a n s v e r s e   to   t h e s e   r e i n f o r c i n g  e l e m e n t s ,   b u t   t h e s e   a r e  

n o t   e s s e n t i a l .  

As  m e n t i o n e d ,   t h e   o u t e r   member   can   s i m p l y   be  a  

p i p e   and   t h e   c o r e   w i t h   i t s   t o r o i d a l   d i a p h r a g m s   c an   b e  

i n s e r t e d   i n t o   t h e   p i p e   and   be  u s e d ,   f o r   e x a m p l e ,   as  a  

b o r e   h o l e   p u m p .  
Now  t h e   means   f o r   f e e d i n g   o p e r a t i n g   f l u i d  

u n d e r   p r e s s u r e   t o ,   o r   r e c e i v i n g   o p e r a t i n g   f l u i d   u n d e r  

p r e s s u r e   f r o m ,   t h e   c h a m b e r s ,   may  t a k e   many  f o r m s .   F o r  

e x a m p l e ,   an  e x t e r n a l   s o u r c e   o f   p r e s s u r e   and  s u c t i o n   c o u l d  

be  p r o v i d e d   and   a  c y c l i c a l l y   o p e r a t i n g   v a l v i n g  

a r r a n g e m e n t   c o u l d   c o o p e r a t e  w i t h   t h i s   to   f e e d   t h e   f l u i d  
u n d e r   p r e s s u r e   a t   t h e   c o r r e c t   s e q u e n c e   to   t h e   v a r i o u s  
c h a m b e r s .  

In   a n o t h e r   a r r a n g e m e n t ,   t h e   c o r e   i n c l u d e s  



a t   l e a s t   f o u r   c o m p a r t m e n t s ,   e a c h   c o m p a r t m e n t   b e i n g  

c o n n e c t e d   to   t h e   c h a m b e r   w i t h   a  s e p a r a t e   one  of  t h e  

t o r o i d a l   d i a p h r a g m s   and   e l e m e n t s   a r e   p r o v i d e d   w i t h i n  

s a i d   c o m p a r t m e n t   to   e x p e l   f l u i d   f r o m   t h e   c o m p a r t m e n t  

i n t o   t h e   c h a m b e r s   and   v i c e   v e r s a .   T h i s   a r r a n g e m e n t  

c a n   t a k e   many  f o r m s ;   f o r   e x a m p l e ,   t h e   c o m p a r t m e n t s  

c a n   be  a r r a n g e d   in   p a i r s ,   t h e   c o m p a r t m e n t s   of   a  p a i r  

b e i n g   a x i a l l y   a l i g n e d   and  a  b e l l o w s   b e i n g   a r r a n g e d   t o  

e x t e n d   p a r t l y   in   one  c o m p a r t m e n t   and   p a r t l y   in   t h e  

o t h e r ,   w h e r e b y   e x p a n s i o n   of  t h e   b e l l o w s   i n   o n e  

c o m p a r t m e n t   c a u s e s   a  c o n t r a c t i o n   of  t h e   b e l l o w s   i n  

t h e   o t h e r   and  v i c e   v e r s a .  

In  a n o t h e r   a r r a n g e m e n t ,   t h e   c o m p a r t m e n t s  a r e  

i n   t h e   f o r m   of  a  c y l i n d e r   h a v i n g   a  p i s t o n   r e l a t i v e l y  

a x i a l l y   r e c i p r o c a b l e   t h e r e i n ,   one  c o m p a r t m e n t   b e i n g  

f o r m e d   on  e a c h   a x i a l   s i d e   of   t h e   p i s t o n ,   and  a n  

a n n u l a r   bag   of  f l e x i b l e   m a t e r i a l   f i l l e d   w i t h   f l u i d  

u n d e r   p r e s s u r e   i s   l o c a t e d   b e t w e e n   t h e   f a c i n g  

l o n g i t u d i n a l l y   e x t e n d i n g   p i s t o n   c y l i n d e r   w a l l .   A g a i n  

r e c i p r o c a t i o n   of  t h e   p i s t o n   c a u s e s   e x p u l s i o n   of  t h e  

l i q u i d   f r o m   one  c o m p a r t m e n t   and  d r a w i n g   in   of  t h e  

l i q u i d   f r o m   t h e   o t h e r .  

H o w e v e r ,   in   a  p r e s e n t l y   p r e f e r r e d   a r r a n g e m e n t ,  

t h e   i n n e r   member  i s   f o r m e d   f r o m   a  s t a c k   o f   d i a p h r a g m  

s u p p o r t   p l a t e s ,   e a c h   p l a t e   h a v i n g   a  n u m b e r   of   a p e r t u r e s  

t h e r e i n   e q u a l   to   t h e   n u m b e r   of   d i a p h r a g m s ,   to   fo rm  t h a t  

n u m b e r   of   f l u i d   p a s s a g e s   t h r o u g h   t h e   s t a c k ,   t h e   d i a p h r a g m s  

b e i n g   m o u n t e d   to  e x t e n d   a r o u n d   t h e   p e r i p h e r y   of  t h e  

a d j a c e n t   s u p p o r t   p l a t e s ,   d u c t s   a r e   p r o v i d e d   b e t w e e n  

t h e   c h a m b e r   f o r m e d   in   e a c h   d i a p h r a g m   and  a  s e p a r a t e   o n e  

of   t h e   f l u i d   p a s s a g e s .   Wi th   t h i s   a r r a n g e m e n t   t h e   m e a n s  

f o r   f e e d i n g   f l u i d   u n d e r   p r e s s u r e   c an   c o m p r i s e   p i s t o n s  

a x i a l l y   r e c i p r o c a b l e   i n   a x i a l   e x t e n s i o n s   of   t h e   f l u i d  



p a s s a g e s ,   t h e   p i s t o n s   b e i n g   d r i v e n ,   f o r   e x a m p l e ,   b y  

a  swash   p l a t e .  

A d v a n t a g e o u s l y   an  a n n u l a r   r e s e r v o i r   i s  

d i s p o s e d   a r o u n d   t h e   f l u i d   p a s s a g e s   a t   a  l o c a t i o n  

b e t w e e n   t h e   p i s t o n   and  t h e   n e a r e s t   d i a p h r a g m ,   t h e  

a n n u l a r   r e s e r v o i r   i n c l u d i n g   an  a n n u l a r   e x t e r n a l  

d i a p h r a g m   s u b j e c t e d   to   t h e   h i g h   p r e s s u r e   s i d e   of   t h e  

pump  or   m o t o r .   The  a n n u l a r   e x t e r n a l   d i a p h r a g m   s h o u l d  

be  o f   s u f f i c i e n t   s t i f f n e s s , o r   r e s i l i e n c e ,   to   e n a b l e  

a l l   of  t h e   t o r o i d a l   d i a p h r a g m s   to   be  f u l l y   e x p a n d e d ,  

u p o n   t h e   d r i v e   b e i n g   s t o p p e d .   W i t h   t h i s   a r r a n g e m e n t ,  

s h o u l d   t h e   m o t o r   be  s h u t   o f f ,   t h e n   t h e   f l u i d   p r e s s u r e  .  

a c t i n g   on  t h e   e x t e r i o r   o f   t h e   r e s e r v o i r   d i a p h r a g m   w i l l  

be  c o m m u n i c a t e d   to   t h e   o p e r a t i n g   f l u i d   w i t h i n   t h e  

f l u i d   p a s s a g e s   and   t h u s   w i t h i n   t h e   t o r o i d a l   d i a p h r a g m s ,  

so  t h a t   t h e r e   w i l l   be  no  t e n d e n c y   f o r   t h e   d i a p h r a g m s  

to  c o l l a p s e   and   a l l o w   t h e   f l u i d   h e a d   to   d i s c h a r g e  

t h r o u g h   t h e   pump;   t h u s   w i l l   s t o p   t h e   d e v i c e   a c t i n g   a s  

a  m o t o r .  

A  p r o t e c t i v e   g r i l l   p r e f e r a b l y   s u r r o u n d s   t h e  

r e s e r v o i r   and   a  r e s i l i e n t   b a n d   may  be  l o c a t e d   w i t h i n  

i t   and  c o m m u n i c a t e s   w i t h   t h e   p r e s s u r e   w i t h i n   t h e  

f l u i d   p a s s a g e s   w h e r e b y   t h e   b a n d   c an   a c t   as  a  v a l v e ,  

w h i c h   may  be  s u p p o r t e d   by  a  p e r f o r a t e d   s u p p o r t   g r i d  

t h e r e w i t h i n .   T h e  v a l v e   b a n d   h a s   s u c h   a  s t i f f n e s s   t o  

k e e p   t h e   v a l v e   c l o s e d   d u r i n g   n o r m a l   p u m p i n g .   H o w e v e r ,  

t h e   b a n d   i s   c a p a b l e   of   e x p a n d i n g   s u d d e n l y   to   a l l o w   t h e  

o p e r a t i n g   f l u i d   b a c k   i n t o   t h e   r e s e r v o i r   upon   r e s t a r t i n g  

of  t h e   m o t o r .   S m a l l   a p e r t u r e s   a r e   p r o v i d e d   i n   t h e  

v a l v e   b a n d   to   a l l o w   t h e   f l u i d   to   f l o w   f r o m   t h e   r e s e r v o i r  

to   t h e   d i a p h r a g m s   when  t h e   m o t o r   i s   s t o p p e d .  

In   o r d e r   t h a t   t h e   p r e s e n t   i n v e n t i o n   may  m o r e  

r e a d i l y   be  u n d e r s t o o d ,   t h e   f o l l o w i n g   d e s c r i p t i o n   i s  



g i v e n ,   m e r e l y   by  way  of  e x a m p l e ,   r e f e r e n c e   b e i n g  

made  to   t h e   a c c o m p a n y i n g   d r a w i n g s   w h i c h   i l l u s t r a t e  

a  p r e s e n t l y   p r e f e r r e d   e m b o d i m e n t   of  f l u i d   d i s p l a c e m e n t  

d e v i c e   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n .  

In  t h e   d r a w i n g s : -  

F i g u r e   1  i s   a  c r o s s - s e c t i o n   t h r o u g h   t h e   b o d y  

f a c e   s e c t i o n ,   t h e   i n t e r f a c e   u n i t   and  p a r t   of   t h e  

p r e s s u r i z i n g   s e c t i o n   of  t h e   d e v i c e ;  

F i g u r e   2  i s   a  p e r s p e c t i v e   v i e w   f r o m   t h e   r i g h t  

of   t h e   r i g h t h a n d - m o s t   f i r s t   d i a p h r a g m   s u p p o r t   p l a t e ;  

F i g u r e   3  i s   a  p e r s p e c t i v e   v i e w   f r o m   t h e  

l e f t h a n d   s i d e   of  t h e   p l a t e   of   F i g u r e   2 ;  

F i g u r e   4  i s   a  p e r s p e c t i v e   v i e w   f r o m   t h e   r i g h t  

of   t h e   r i g h t h a n d - m o s t   s e c o n d   d i a p h r a g m   s u p p o r t   p l a t e  

of   t h e   a p p a r a t u s   of   F i g u r e   1 ;  

F i g u r e s   5 , 6 , 7 , 8   and  9  a r e   v i e w s   f r o m   t h e  

r i g h t   of   t h e   f i v e   s e c o n d   d i a p h r a g m   s u p p o r t   p l a t e s ;  

a n d  

F i g u r e   10  i s   a  p e r s p e c t i v e   e x p l o d e d   v i e w   o f  

t h e   i n t e r f a c e   u n i t   and  p r e s s u r i z i n g   s e c t i o n   of   t h e  

a p p a r a t u s   of  F i g u r e   1 .  

R e f e r r i n g   f i r s t   to   F i g u r e   1,  t h e   f l u i d  

d i s p l a c e m e n t   d e v i c e   i s   i n d i c a t e d   by  t h e   g e n e r a l  

r e f e r e n c e   n u m e r a l   10  and  i s   shown  as  e n c l o s e d   in   a  

c a s i n g   12,  f o r m i n g   a  p a s s a g e   13,  w h i c h   h a s   an  i n l e t  

14  a t   i t s   r i g h t h a n d   e n d ,   and  an  a n n u l a r   o u t l e t   c h a m b e r  

a t   i t s   l e f t h a n d   end ,   t h i s   o u t l e t   c h a m b e r   b e i n g   p r o v i d e d  

w i t h   an  o u t l e t   d u c t   1 8 .  

The  d e v i c e   can   be  c o n s i d e r e d   to  c o n s i s t   o f  

t h r e e   p a r t s ,   f i r s t l y  a n   i n n e r   member   20,  s e c o n d l y   a n  

i n t e r f a c e   u n i t   22  and  t h i r d l y   a  p r e s s u r i z i n g   s e c t i o n   2 4 .  

D i s c u s s i n g   f i r s t   t h e   c o n s t r u c t i o n   of   t h e  

i n n e r  m e m b e r ,   t h i s   c o m p r i s e s   f i v e   f i r s t   d i a p h r a g m   s u p p o r t  



p l a t e s   26A,  26B,  26C,  26D,  26E  and  f i v e   s e c o n d   d i a p h r a g m  

s u p p o r t   p l a t e s   28A,  28B,  28C,  28D,  28E  a l l   a s s e m b l e d   i n  

a  s t a c k   and  h e l d   t o g e t h e r   by  an  a s s e m b l y   b o l t   30  w h i c h  

i s   s c r e w e d   i n t o   a  b u l k h e a d   32  w h i c h   in   t u r n   i s   s e c u r e d  

to   t h e   c a s i n g   12  by  a  n u m b e r   o f   b o l t s ,   one  o f   w h i c h   i s  

i n d i c a t e d   by  t h e   r e f e r e n c e   n u m e r a l   34.   The  b o l t   a l s o  

s e c u r e s   an  i n l e t   end  p l a t e   36  and   an  o u t l e t   end  p l a t e  

38  w h i c h   a r e   l o c a t e d   a t   t h e   i n l e t   and   o u t l e t   end   o f  

t h e   s t a c k s   of  d i a p h r a g m   s u p p o r t   p l a t e s .   F u r t h e r m o r e ,  

an  i n t e r f a c e   u n i t   c o r e   40  i s   c l a m p e d   by  t h e   b o l t  

b e t w e e n   t h e   b u l k h e a d   32  and   t h e   o u t l e t   end   p l a t e   3 8 .  

F i v e   t o r o i d a l   d i a p h r a g m s   4 2 A ,  4 2 B ,   42C,  4 2 D  

and  42E  a r e   c l a m p e d   by  m e a n s   o f   e d g e   t h i c k e n e d   b e a d s  

43  and   44  i n   a n n u l a r   g r o o v e s   4 6  a n d   48  f o r m e d   in   t h e  

f i r s t   and   s e c o n d   d i a p h r a g m   s u p p o r t   p l a t e s   r e s p e c t i v e l y .  

The  c l a m p i n g   i s   e f f e c t e d   d u r i n g   t h e   b o l t i n g   up  o f  

t h e   s t a c k   of   p l a t e s   and  t h e   a c t i o n   i s   c o m p l e t e d   b y  

f o u r   c l a m p   r i n g s   5 0 A ,  5 0 B ,   50C,  50D  l o c a t e d   b e t w e e n   t h e  

a d j a c e n t   s e c o n d   and  f i r s t   d i a p h r a g m   s u p p o r t   p l a t e s   i n  

s e q u e n c e ,   and   by  i n l e t   and   o u t l e t   end   p l a t e   c l a m p  

r i n g s   51  and  52  f o r m e d   on  t h e   i n l e t   and   o u t l e t   e n d  

p l a t e s   36  and   3 8 .  

F o r m e d   i n   e a c h   of  t h e   d i a p h r a g m   s u p p o r t   p l a t e s  

a r e   f i v e   e q u i - a n g u l a r l y   s p a c e d   a p e r t u r e s   54,  56,  58,  6 0  

and   62  w h i c h   a r e   a s s e m b l e d   i n   r e g i s t e r   w i t h   one  a n o t h e r  

and   f o r m   f i v e   f l u i d   p a s s a g e s ,   o n l y   one  o f   w h i c h   can   b e  

s e e n   i n   t h e   d r a w i n g   and  t h i s   i s   i n d i c a t e d   by  t h e   r e f e r e n c e  

n u m e r a l   55.   A  c e n t r a l   a p e r t u r e   63  i s   f o r m e d   i n   e a c h   o f  

t h e   d i a p h r a g m   s u p p o r t   p l a t e s ,   t h e   i n l e t   and   o u t l e t   e n d  

p l a t e s ,   and   t h e   i n t e r f a c e   u n i t   c o r e .  

I t   w i l l   be  s e e n   f r o m   F i g u r e   1  and  F i g u r e   2  t h a t  

t h e   r i g h t h a n d   f a c e   of   t h e   r i g h t h a n d - m o s t   f i r s t   d i a p h r a g m  

s u p p o r t   p l a t e   26A  h a s   an  u p s t a n d i n g   b o s s   64  s u r r o u n d i n g  



e a c h   of  t h e   a p e r t u r e s   54  to   62  and  a  f u r t h e r   u p s t a n d i n g  

b o s s   65  s u r r o u n d i n g   t h e   c e n t r a l   a p e r t u r e   6 3 .  

The  o t h e r   f a c e   of   t h e   s u p p o r t   p l a t e   26A,  a s  

c an   be  s e e n   f r o m   F i g u r e   3,  h a s   a  b o s s   66  s u r r o u n d i n g  

e a c h   of   t h e   a p e r t u r e s   56  t o   60,  b u t   n o t   t h e   a p e r t u r e  

54.   A  f u r t h e r   b o s s   67  i s   p r o v i d e d   on  t h i s   f a c e   o f  

t h e   c e n t r a l   a p e r t u r e   63  a l s o .   Bo th   of  t h e s e   b o s s e s  

a r e   t a p e r e d ,   as  c a n   be  s e e n   f r o m   F i g u r e   3 .  

R e f e r e n c e   i s   now  made  to   F i g u r e   4  w h e r e   i t  

w i l l   be  s e e n   t h a t   t h e   a p e r t u r e s   56,  58,  60  and  62  o f  

t h e   s e c o n d   d i a p h r a g m   s u p p o r t   p l a t e   28  a r e   a l s o   p r o v i d e d  

w i t h   b o s s e s   68  and  t h e   c e n t r a l   o p e n i n g   w i t h   a  b o s s  

6 9 .  

I t   w i l l   be  n o t e d   t h a t   t h e   a p e r t u r e   54  d o e s  

n o t   h a v e   a  b o s s   68.   The  b o s s   68  of   t h e   o t h e r   f o u r  

a p e r t u r e s   h a s   a  n u m b e r   of   a x i a l l y   e x t e n d i n g   r o d s   70  

w h i c h   a c t   as  s p a c e r s   when  t h e   d i a p h r a g m   s u p p o r t  

p l a t e s   a r e   s t a c k e d   r e l a t i v e   to  one  a n o t h e r .   The  r o d s  

70  a l s o   s e r v e   to  s u p p o r t   O - r i n g s   72  w h i c h   a r e   i n  

s e a l i n g   e n g a g e m e n t   w i t h   t h e   t a p e r e d   s u r f a c e   of   b o s s  

68  and  w i t h   t h e   t a p e r e d   s u r f a c e   of   b o s s   67  to   p r o v i d e  

a  s e a l   a r o u n d   t h e   a d j a c e n t   a p e r t u r e   56,  58,  60  o r   6 2 .  

I t   w i l l   be  s e e n ,   t h e r e f o r e ,   t h a t   t h e   f l u i d   p a s s a g e   55  

a s s o c i a t e d   w i t h   t h e   a l i g n e d   a p e r t u r e s   54  i s   f l u i d t i g h t  

f r o m   one  end   to   t h e   o t h e r ,   e x c e p t   t h a t   i t   i s   o p e n   t o  

t h e   e x t e r i o r   a t   t h e   l o c a t i o n   of  t h e   h o l e   54  i n   t h e  

d i a p h r a g m   s u p p o r t   p l a t e s   26A  and  28A,  so  t h a t   a  d u c t  

73  i s   f o r m e d   c o m m u n i c a t i n g   p a s s a g e   55  w i t h   t h e   i n t e r i o r  

of  t h e   t o r o i d a l   d i a p h r a g m   4 2 A .  

I f   r e f e r e n c e   i s   now  made  to  F i g u r e s   5  to  9,  i t  

w i l l   be  s e e n   t h a t   w i t h   t h i s   a r r a n g e m e n t ,   t h e   t o r o i d a l  

d i a p h r a g m s   42A,  42B,  42C,  42D  and  42E  a r e   i n  

c o m m u n i c a t i o n   w i t h   t h e   p a s s a g e s   55  f o r m e d   by  t h e   a l i g n e d  



a p e r t u r e s   54,  56,  58,  60  a n d ' 6 2   r e s p e c t i v e l y .   I t   w o u l d  

a l s o   be  s e e n   t h a t   t h e   d i a p h r a g m s   a r e   n o t   i n   c o m m u n i c a t i o n  

w i t h   more   t h a n   one  s u c h   p a s s a g e ,   so  t h a t   d i s c r e t e  

c h a m b e r s   43A,  43B,  43C,  4 3 D ' a n d   43E  a r e   f o r m e d   w i t h i n  

e a c h   d i a p h r a g m .  

0 - r i n g s   w h i c h   a r e   n o t   r e f e r e n c e d   a r e   p r o v i d e d  

on  t h e   e n d s   of  a l l   of   t h e   b o s s e s   to   p r o v i d e   a  s e a l .  

The  end  of   t h e   p a s s a g e s   55  f o r m e d   by  t h e   v a r i o u s  

a p e r t u r e s   54  to   62  a r e   b l o c k e d   b e c a u s e   t h e   end   s u p p o r t  

p l a t e   26A  h a s   a  b o s s   a s s o c i a t e d   w i t h   e a c h   a p e r t u r e ,  

and  t h i s   b o s s   and  i t s   a s s o c i a t e d   0 - r i n g   ( n o t   s h o w n   i n  

F i g u r e   2)  i s   in   s e a l i n g   e n g a g e m e n t   w i t h   t h e   i n l e t   e n d  

p l a t e   3 6 .  

The  i n t e r f a c e   u n i t   22  i n c l u d e s   t h e   c o r e   4 0  

( F i g u r e   10)  and  f i v e   b o r e s   74,  76,  78,   80  and   8 2  

a l i g n e d   w i t h   t h e   p a s s a g e s   55  f o r m e d   by  t h e   a p e r t u r e s  

54,  56,  58,  60  and   62  r e s p e c t i v e l y .   E a c h   of   t h e s e  

b o r e s   h a s   a  r a d i a l   s l o t   75,  77,  79,  81  and  8 3  

r e s p e c t i v e l y .   T h i s   i s   s u r r o u n d e d   by  an  a n n u l a r   g r i d  

84  w h i c h   h a s   o u t w a r d l y   e x t e n d i n g   e n l a r g e m e n t s   85  a n d  

86  w h i c h   g r i p   t h e   e n d s   o f   an  a n n u l a r   r e s e r v o i r  

d i a p h r a g m   88.   T h i s   i n   t u r n   i s   s u r r o u n d e d   by  a n  

a n n u l a r   g r i l l   90.   A  p r e t e n s i o n e d   r e s i l i e n t   v a l v e   b a n d  

87  s u r r o u n d s   g r i d   8 4 .  

The  b u l k h e a d   32  i s   p r o v i d e d   w i t h   f i v e   e q u i -  

a n g u l a r l y   s p a c e d   t a p e r e d  h o l e s   94,   96 ,   98,   100  a n d  

102  a x i a l l y   a l i g n e d   w i t h   t h e   b o r e s   74  to   8 2  

r e s p e c t i v e l y .  

The  w i d e r   end   of   t h e s e   h o l e s   a r e   a l i g n e d  

w i t h   c y l i n d e r s   104 ,   106 ,   108 ,   110  and   112  r e s p e c t i v e l y ,  

f o r m e d   i n   a  c y l i n d e r   b l o c k   92  of   t h e   p r e s s u r i z i n g   s e c t i o n  

24.   P i s t o n s   114 ,   116 ,   118 ,   120  and   122  a r e   a x i a l l y  

r e c i p r o c a b l e   i n   t h e s e   c y l i n d e r s   by  m e a n s   of   an  a n g l e d  



s w a s h p l a t e   124  c a r r i e d   by  a  s h a f t   126  m o u n t e d   in   t h e  

b e a r i n g   1 2 8 .  

B o l t s   130  ( F i g u r e   1)  p a s s   t h r o u g h   h o l e s   1 3 2  

in   t h e   c y l i n d e r   b l o c k   92  t o   h o l d   t h i s   o n t o   t h e  

b u l k h e a d   3 2 .  

At  t h e   i n l e t   end ,   an  i n l e t   c o n e   134  i s  

s e c u r e d   to   t h e   i n l e t   end  p l a t e   36  by  means   of   a  

s m a l l   b o l t   136  f i t t e d   i n t o   t h e   h e a d   of  t h e   a s s e m b l y  

b o l t   3 0 .  

In   o p e r a t i o n ,   t h e   f i v e   d i a p h r a g m s   42A  t o  

42E,  t h e   d u c t s   73,  t h e   p a s s a g e s   55  f o r m e d   by  t h e  

a p e r t u r e s   54  to   62,  t h e   b o r e s   74  to  82,  t h e   t a p e r e d  

h o l e s   94  to   102  and  t h e   c y l i n d e r s   104  to  112 ,   and  t h e  

r e s e r v o i r   d i a p h r a g m   80  a r e   a l l   f i l l e d   w i t h   an  o p e r a t i n g  

h y d r a u l i c   f l u i d .   I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e  

p i s t o n s   114  to   122  w i l l   a l l   be  a t   d i f f e r e n t   a x i a l  

l o c a t i o n s ,   w h e n   t h e   s w a s h p l a t e   124  i s   r o t a t e d  

by  t h e   s h a f t   126  w h i c h   i s   c o n n e c t e d   to   a  m o t o r   ( n o t  

s h o w n ) .   The  p a s s a g e s   55  w i l l   be  s u b j e c t e d   to  a  

c y c l i c a l   p r e s s u r e   p a t t e r n .   In  t h e   i l l u s t r a t e d  

c o n s t r u c t i o n ,   t h e   p a s s a g e   55  f o r m e d   by  t h e   a p e r t u r e s  

54  and  a l i g n e d   p a r t s   i s   f u l l y   p r e s s u r i z e d   so  t h a t   t h e  

d i a p h r a g m   42A  i s   f u l l y   e x p a n d e d   so  t h a t   i t   a b u t s   t h e  

i n n e r   s u r f a c e   of   t h e   c a s i n g   12.   T h u s ,   t h e   p i s t o n  

114  h a s   j u s t   c o m p l e t e d   i t s   f o r w a r d   s t r o k e   to  t h e   r i g h t  

in   F i g u r e   1.  P i s t o n   116  i s   a p p r o a c h i n g   t h i s   p o s i t i o n  

w h i l e   t h e   p i s t o n   118  a s s o c i a t e d   w i t h   t h e   d i a p h r a g m  

42C  i s   s u b s t a n t i a l l y   a t   t h e   o t h e r   end  of   i t s   s t r o k e  

so  t h a t   t h e   d i a p h r a g m   42C  i s   f u l l y   c o n t r a c t e d .   T h e  

p i s t o n s   120  a n d - 1 2 2   w i l l   a t   t h i s   t i m e   be  m o v i n g   a w a y  

to   t h e   l e f t   and   a l t h o u g h   t h e   d i a p h r a g m   42E  i s   s h o w n  

as  f u l l y   e x p a n d e d ,   i t   i s   b e g i n n i n g   to   c o n t r a c t .   A t  

any  g i v e n   t i m e   t h e r e   w i l l   a l w a y s   be  two  d i a p h r a g m s  



f u l l y   e x p a n d e d   so  t h a t   a  q u a n t i t y   of  e x t e r n a l   f l u i d  

i s   e n t r a p p e d   b e t w e e n   t h e   body   s e c t i o n   20  and  t h e  

c a s i n g   12.   The  a r r a n g e m e n t   i s   s u c h   t h a t   t h e   f l u i d  

i s   moved   l e f t w a r d l y ,   as  v i e w e d   in   F i g u r e   1,  by  t h e  

s u c c e s s i v e   o u t w a r d   p u l s a t i n g   m o v e m e n t s   o f   t h e  

d i a p h r a g m s   42A  to   4 2 E .  

From  t i m e   to   t i m e   i t   may  b e  n e c e s s a r y  

f o r   t h e   m o t o r   to   be  s t o p p e d   and  a t   t h i s   s t a g e   i n   t h e  

p r o c e e d i n g s   t h e   f l u i d   w i t h i n   t h e   o u t l e t   c h a m b e r   1 6  

and  t h e   o u t l e t   p i p e   and  any  d i s c h a r g e   p i p e   c o n n e c t e d  

t h e r e t o ,   may  be  a t   a  s u b s t a n t i a l   s t a t i c   h e a d .   T h e r e  

w o u l d   n o r m a l l y ,   t h e r e f o r e ,   be  a  t e n d e n c y   f o r   t h i s  

f l u i d   to   a c t   u p o n   t h e   d i a p h r a g m s   t o  p u s h   t h e m   a w a y  
f r o m   t h e   c a s i n g   12.   H o w e v e r ,   t h e   p r o v i s i o n   o f   t h e  

r e s e r v o i r   w i t h i n   t h e   i n t e r f a c e   u n i t   p r e v e n t s   t h i s  

f r o m   h a p p e n i n g .   The  g r i l l   90  i s   p e r f o r a t e d ,   as  c a n  

be  s e e n   f r o m   F i g u r e   1  and   F i g u r e   10,  so  t h a t   t h e  

o u t l e t   p r e s s u r e   i s   a l w a y s   a p p l i e d   to   t h e   r e s e r v o i r  

d i a p h r a g m   88  and   t h e   a n n u l a r   v a l v e   b a n d   87.   T h e  

h y d r a u l i c   o p e r a t i n g   f l u i d   w i t h i n   t h e   s y s t e m   i s   h e l d  

a t   a  s e l f - c o m p e n s a t i n g   p r e s s u r e   so  t h a t ,   s h o u l d   t h e  

m o t o r   s t o p ,   t h e   p r e s s u r e   w i t h i n   t h e   s y s t e m   i s  

m a i n t a i n e d ,   and   t h e   f l u i d   i n   t h e   r e s e r v o i r   i s   f o r c e d  

i n t o   a l l   of   t h e   d i a p h r a g m s ,   v i a   a p e r t u r e s ,   one   o f  

w h i c h   i s   i n d i c a t e d  b y   t h e   n u m e r a l   89  i n   F i g u r e   1 .  

In   t h e   e v e n t   t h a t   t h e r e   i s   a  s u d d e n   b l o c k a g e  

i n   t h e   o u t l e t   p i p e ,   f o r   e x a m p l e ,   by  a  v a l v e   b e i n g   t u r n e d  

o f f ,   t h e n   t h e   0 - r i n g s   72  l o c a t e d   b e t w e e n   t h e   a d j a c e n t  

d i a p h r a g m   s u p p o r t   p l a t e s   26,  28  w i l l   be  c a p a b l e   o f  

e x p a n d i n g .   T h u s ,   f o r   e a c h  d i a p h r a g m ,   when  t h i s   c o n d i t i o n  

o c c u r s ,   t h e   0 - r i n g s   72  a s s o c i a t e d   w i t h   f l u i d   p a s s a g e s  
55  w h i c h   a r e   u n d e r   r e l a t i v e   p o s i t i v e   p r e s s u r e ,   w i l l  

e x p a n d ,   so  t h a t   t h e   p r e s s u r i z e d   f l u i d   w i l l   be  r e l e a s e d  



i n t o   t h o s e   p a s s a g e s   w h i c h   a r e   a t   a  r e l a t i v e   n e g a t i v e  

p r e s s u r e ,   and  f l u i d   w i l l   t h u s   s h o r t - c i r c u i t  

i n t e r n a l l y .   A  t e m p e r a t u r e   s e n s e r   i s   p r e f e r a b l y  

p r o v i d e d   to   s e n s e   any  i n c r e a s e   i n   t e m p e r a t u r e   w h i c h  

w i l l   t h u s   a r i s e ,   t h e r e b y   to   i n d i c a t e   t h e   f a u l t  

c o n d i t i o n .  

A n n u l a r   d i a p h r a g m s   a r e   e a c h   p r o v i d e d   w i t h  

a  r e i n f o r c e m e n t   w h i c h   i s   p r e f e r a b l y   in   t h e   f o r m  

of   a  l a r g e   n u m b e r   of   c i r c u m f e r e n t i a l l y   s p a c e d   a x i a l l y  

e x t e n d i n g   f i b r e s ,   w h i c h   e a c h   e x t e n d   i n   t h e i r   own  

p l a n e   w h i c h   i s   r a d i a l   to  t h e   a x i s   o f   t h e   b o l t   3 0 ,  

t h e   e n d s   of  t h e   y a r n s   b e i n g   b u r i e d   i n   t h e   b e a d s  

43  and  44.   T h e s e   e n a b l e   t h e   d i a p h r a g m s   to  be  a b l e  

to  w i t h s t a n d   v e r y   h i g h   p r e s s u r e s   and  y e t   s t i l l   m a i n t a i n  

s u f f i c i e n t   f l e x i b i l i t y   f o r   s a t i s f a c t o r y   o p e r a t i o n .  

The  f i b r e s   may  be  i n c l i n e d   s l i g h t l y   to   t h e s e   p l a n e s  

b u t   n o t   a t   t o o   l a r g e   an  a n g l e   o t h e r w i s e   t h e   r a d i a l  

e x p a n s i o n   a b i l i t y   w o u l d   be  d i m i n i s h e d .   C i r c u m f e r e n t i a l l y  

e x t e n d i n g   y a r n s   may  a l s o   be  p r o v i d e d   b u t   t h e s e   s h o u l d  

be  c a p a b l e   of  r a d i a l   e x p a n s i o n .   I t   i s   a l s o   c o n t e m p l a t e d  

t h a t   two  s e t s   of   y a r n s   i n c l i n e d   a t   a  s m a l l   a n g l e   t o  

t h e   a x i a l   p l a n e s   c o u l d   be  p r o v i d e d   to   f o r m   a  d i a m o n d -  

s h a p e d   c r i s s - c r o s s   r e i n f o r c e m e n t .  

The  r e s e r v o i r   d i a p h r a g m   88  c an   s i m i l a r l y   b e  

f o r m e d   and   t h e   v a l v e   b a n d   87  c an   a l s o   h a v e   r e i n f o r c e m e n t .  



1.  A  f l u i d   d i s p l a c e m e n t   d e v i c e   c o m p r i s i n g   a  

body   h a v i n g   an  a x i s ,   a d j a c e n t   p o r t i o n s   of  t h e   w a l l   o f  

t h e   body   b e i n g   s e q u e n t i a l l y   m o v a b l e   t r a n s v e r s e l y   of   t h e  

a x i s   to  e f f e c t   d i s p l a c e m e n t   of  t h e   f l u i d ,   c h a r a c t e r i s e d  

in  t h a t   t h e r e   a r e   a t   l e a s t   t h r e e   w a l l   p o r t i o n s   ( 4 2 )  

d i s p o s e d   one  a f t e r   t h e   o t h e r   a l o n g   t h e   a x i s ,   in   t h a t  

d i s c r e t e   c h a m b e r s   (43)   a r e   f o r m e d   b e h i n d   e a c h   w a l l  

p o r t i o n ,   and  in   t h a t   m e a n s   (24 ,   55)  a r e   p r o v i d e d   t o  

f e e d   an  o p e r a t i n g   f l u i d   u n d e r   p r e s s u r e   t o ,   or   to   r e c e i v e  

o p e r a t i n g   f l u i d   u n d e r   p r e s s u r e   f r o m ,   s a i d   d i s c r e t e  

c h a m b e r s   to   move  s a i d   w a l l   p o r t i o n s   t r a n s v e r s e l y   to   t h e  

a x i s   of  t h e   body   in   a  s e q u e n c e   to   c a u s e   d i s p l a c e m e n t   o f  

an  e x t e r n a l   f l u i d   a x i a l l y   of  t h e   b o d y ,   or  to   e n a b l e   p o w e r  
to   be  d e r i v e d   f r o m   t h e   o p e r a t i n g   f l u i d   as  a  r e s u l t   of  a n  

e x t e r n a l   f l u i d   m o v i n g   a x i a l l y   of  t h e   b o d y   in   c o n t a c t  

w i t h   s a i d   w a l l   p o r t i o n s .  

2.  A  d e v i c e   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i s e d  

in  t h a t   t h e   b o d y   (10)   h a s   a  p a s s a g e   (13)   t h e r e t h r o u g h  

w i t h   an  o p e n i n g   ( 14 ,   18)  a t   e a c h   e n d ,   t h e   w a l l   p o r t i o n s  

b e i n g   m o v a b l e   t r a n s v e r s e l y   of  t h e   a x i s   of  t h e  p a s s a g e  

to   c l o s e   o f f   t h e   p a s s a g e   a t   t h e   a x i a l   l o c a t i o n   in   t h e  

p a s s a g e   of  t h e   r e s p e c t i v e   w a l l   p o r t i o n .  

3.  A  d e v i c e   a c c o r d i n g   to   c l a i m   2,  c h a r a c t e r i s e d  

in   t h a t   t h e   b o d y   c o m p r i s e s   an  o u t e r   member   h a v i n g   t h e  

p a s s a g e   t h e r e t h r o u g h   w i t h   o p e n i n g s   a t   e a c h   end ,   t h e  

i n n e r   member   e x t e n d i n g   a x i a l l y   t h r o u g h   s a i d   p a s s a g e ,  
and  in  t h a t   s a i d   a t   l e a s t  t h r e e   w a l l   p o r t i o n s   a r e   m o u n t e d  

on  t h e   o u t e r   member   and   a r e   e a c h   m o v a b l e   s e p a r a t e l y   o f  

t h e   o t h e r s   t r a n s v e r s e l y   of   t h e   a x i s   to   c l o s e   o f f   t h e  

p a s s a g e   a t   t h e   a x i a l   l o c a t i o n   in   t h e   p a s s a g e   of  t h e  

r e s p e c t i v e   w a l l   p o r t i o n .  



4.  A  d e v i c e   a c c o r d i n g   to  c l a i m   2,  c h a r a c t e r i s e d  

in  t h a t   t h e   b o d y   c o m p r i s e s   an  o u t e r   body   member   ( 1 2 )  

h a v i n g   a  p a s s a g e   (13)   t h e r e t h r o u g h   w i t h   an  o p e n i n g   a t  

e a c h   e n d ,   and  an  i n n e r   member   (20)   p a s s i n g   t h r o u g h  

s a i d   p a s s a g e ,   and  in   t h a t   s a i d   a t   l e a s t   t h r e e   w a l l  

p o r t i o n s   (42)   a r e   f o r m e d   on  s a i d   i n n e r   member   and  a r e  

e a c h   m o v a b l e   s e p a r a t e l y   of  t h e   o t h e r s   t r a n s v e r s e l y   o f  

t h e   a x i s   of  t h e   p a s s a g e   to   c l o s e   o f f   t h e   p a s s a g e   a t   t h e  

a x i a l   l o c a t i o n   in   t h e   p a s s a g e   of  t h e   r e s p e c t i v e   w a l l  

p o r t i o n .  

5.  A  d e v i c e   a c c o r d i n g   t o -  a n y   p r e c e d i n g   c l a i m ,  

c h a r a c t e r i s e d   in   t h a t   t h e   m o v a b l e   w a l l   p o r t i o n s   e a c h  

c o m p r i s e   f l e x i b l e   t o r o i d a l   d i a p h r a g m s   (42)   m o u n t e d   a t  

a x i a l l y   a d j a c e n t   l o c a t i o n s ,   t h e   i n t e r i o r   of  t h e   d i a p h r a g m s  

f o r m i n g   s a i d   c h a m b e r s   ( 4 3 ) .  

6.  A  d e v i c e   a c c o r d i n g   to   c l a i m   5,  c h a r a c t e r i s e d  

in  t h a t   t h e   d i a p h r a g m s   a r e   f o r m e d   of  a  f l e x i b l e   s h e e t  

m a t e r i a l   p r o v i d e d   w i t h   a  p l u r a l i t y   of  c i r c u m f e r e n t i a l l y  

s p a c e d ,   f l e x i b l e   r e i n f o r c i n g   e l e m e n t s   w h i c h   e a c h   e x t e n d  

a r o u n d   t h e   t o r u s   and  l i e   s u b s t a n t i a l l y   w i t h i n   a  p l a n e  

i n c l u d i n g   t h e   a x i s   of  t h e   t o r u s .  

7.  A  d e v i c e   a c c o r d i n g   to  c l a i m s   4  and  5,  o r  

c l a i m   6,  c h a r a c t e r i s e d   in   t h a t   t h e   i n n e r   member   (20)   i s  

f o r m e d   f r o m   a  s t a c k   of  d i a p h r a g m   s u p p o r t   p l a t e s   ( 2 6 ) ,  

e a c h   p l a t e   h a v i n g   a  n u m b e r   of  a p e r t u r e s   (54 ,   56,  58,  6 0 ,  

62)  t h e r e i n   e q u a l   to   t h e   number   of  d i a p h r a g m s   to   f o r m  

t h a t   n u m b e r   of  f l u i d   p a s s a g e s   (55)   t h r o u g h   t h e   s t a c k ,  

in  t h a t   t h e   d i a p h r a g m s   a r e   m o u n t e d   to   e x t e n d   a r o u n d   t h e  

p e r i p h e r y   of  a d j a c e n t   s u p p o r t   p l a t e s ,   and  in  t h a t   d u c t s  

(73)   a r e   p r o v i d e d   b e t w e e n   t h e   c h a m b e r   f o r m e d   in   e a c h  

d i a p h r a g m   and  a  s e p a r a t e   one  of  s a i d   f l u i d   p a s s a g e s .  

8.  A  d e v i c e   a c c o r d i n g   to   c l a i m   7 ,  

c h a r a c t e r i s e d   in   t h a t   t h e   means   f o r   f e e d i n g   o p e r a t i n g  

f l u i d   u n d e r   p r e s s u r e   c o m p r i s e   p i s t o n s   (114  to   1 2 2 )  



a x i a l l y   r e c i p r o c a b l e   in   a x i a l   e x t e n s i o n s   (104   to   1 1 2 )  

of  s a i d   f l u i d   p a s s a g e s .  
9.  A  d e v i c e   a c c o r d i n g   to   c l a i m   8,  c h a r a c t e r i s e d  

in  t h a t   s a i d   p i s t o n s   a r e   d r i v e n   by  a  s w a s h   p l a t e   ( 1 2 4 ) .  

10 .   A  d e v i c e   a c c o r d i n g   t o   c l a i m   7,  8  or   9 ,  

w h e r e i n   an  a n n u l a r   r e s e r v o i r   (88)   i s   d i s p o s e d   a r o u n d  

s a i d   f l u i d   p a s s a g e s   (55)   a t   a  l o c a t i o n   b e t w e e n   s a i d  

p i s t o n s   and   t h e   n e a r e s t   d i a p h r a g m   ( 4 2 E ) ,   and   in   t h a t  

t h e   a n n u l a r   r e s e r v o i r   i n c l u d e s   a n  a n n u l a r   e x t e r n a l  

d i a p h r a g m   ( 8 8 )   s u b j e c t   to   t h e   h i g h   p r e s s u r e   s i d e   o f  

f l u i d   r e l a t i v e   t o   s a i d   d i a p h r a g m s   ( 4 2 ) .  

11 .   A  d e v i c e   a c c o r d i n g   t o   c l a i m   1 0 ,  

c h a r a c t e r i s e d   in   t h a t   an  a n n u l a r   p r o t e c t i v e   g r i l l   ( 9 0 )  

s u r r o u n d s   s a i d   r e s e r v o i r   d i a p h r a g m .  

12.   A  d e v i c e   a c c o r d i n g   t o   c l a i m   10  or   1 1 ,  

c h a r a c t e r i s e d   in   t h a t   a  r e s i l i e n t   b a n d   (87)   i s   l o c a t e d  

w i t h i n   s a i d   r e s e r v o i r   d i a p h r a g m   and   h a s   a p e r t u r e s   ( 8 9 )  

w h i c h   c o m m u n i c a t e   w i t h   t h e   f l u i d   w i t h i n   e a c h   f l u i d  

p a s s a g e ,   w h e r e b y   s a i d   b a n d   a c t s   as  a  v a l v e   a l l o w i n g  

f l u i d   to   f l o w   s l o w l y   v i a   s a i d   a p e r t u r e s   f r o m   s a i d  

r e s e r v o i r   t o   s a i d   p a s s a g e s   and  r a p i d l y ,   in   an  o v e r p r e s s u r e  

c o n d i t i o n ,   f r o m   s a i d   p a s s a g e s   t o   s a i d   r e s e r v o i r .  

13 .   A  d e v i c e   a c c o r d i n g   t o   c l a i m   1 2 ,  

c h a r a c t e r i s e d   i n   t h a t   a  p e r f o r a t e d   s u p p o r t   g r i d   ( 8 4 )  

i s   m o u n t e d   w i t h i n   s a i d   b a n d .  
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